Viral hemorrhagic septicemia (VHS) is the most serious viral disease of farmed rainbow trout Oncorhynchus mykiss in continental European countries. The causative agent of VHS has a widespread distribution in a variety of freshwater and marine fishes (Mortensen et al. 1999 , Smail 1999 . The first isolation of marine VHSV was from Atlantic cod Gadus morhua in 1979 (Jensen et al. 1979 , Vestergård-Jørgensen & Olesen 1987 , and subsequently outbreaks were reported in sea-farmed rainbow trout in France (Castric & de Kinkelin 1980) , and turbot Scophthalmus maximus in Germany and Scotland (Schlotfeldt et al. 1991 , Ross et al. 1994 ). In addition, VHSV has been isolated from several wild marine fishes, such as cod and herring Clupea harengus (Mortensen et al. 1999 ). The first American VHSV was isolated from returning chinook salmon O. tshawytscha and coho salmon O. kisutch in western North America in 1988 (Brunson et al. 1989 , Winton et al. 1989 . The same type of VHSV strains were isolated from Pacific cod G. macrocephalus, Pacific herring C. harengus pallasi and other marine fishes (Meyers et al. 1992 (Meyers et al. , 1994 (Meyers et al. , 1999 . On the other hand, VHSV has never been isolated from fishes in East Asian countries although distribution of other fish pathogenic novirhabdoviruses such as infectious hematopoietic necrosis virus (IHNV) and hirame rhabdovirus (HIRRV) were reported , Nishizawa et al. 1991 . In 1999, VHSV was first isolated in Japan from wild Japanese flounder Paralichthys olivaceus during a survey on the distribution of fish viruses in wild marine fishes (Takano et al. 2000 (Takano et al. , 2001 . Recently, rhabdoviral infections occurred in farmed Japanese flounder in the Seto Inland Sea of Japan and the causative agent was identified as VHSV (Isshiki et al. 2001) .
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Resale or republication not permitted without written consent of the publisher the Scotland isolates from marine fishes are in the Genogroup II. All of the other VHSV isolates, the traditional European isolates from marine and freshwater fishes, are clustered in the Genogroup III . However, the genetic relatedness of Japanese VHSV isolates to the American and European isolates has not been investigated. In the present study, analyses of the structural proteins and nucleotide sequences of Japanese VHSV isolates were made to investigate their genetic relatedness with the known American and European isolates of VHSV.
Materials and methods. Eight VHSV isolates (Obama25, KRRV9601, KRRV9822, KRRV0012, Fukuya00, Hakata00, JF00Ehi1 and JF00Oit1) were used in this study. The Obama25 and Hakata00 isolates were from wild Japanese flounder taken from Wakasa Bay in the Japan Sea in 1999 and from a coastal area of Hakata Island in the Seto Inland Sea in 2000, respectively. The other isolates (KRRV9601, KRRV9822 and KRRV0012) were from farmed Japanese flounder collected from the Kagawa Prefecture in 1996, 1998 and 2000, respectively, while Fukuya00, JF00Ehi1 and JF00Oit1 were isolated from Japanese flounder collected from the Hiroshima, Ehime and Oita Prefectures, respectively, in 2000 ( Fig. 1) .
VHSV isolates were grown in the fathead minow (FHM) cell line which was maintained in Eagle's minimal essential medium (MEM) supplemented with 10% (V/V) fetal bovine serum at 20°C, and then concentrated by centrifugation (100 000 × g, 1 h, 4°C). Viral structural proteins were analyzed by SDS-PAGE using 10% polyacrylamide gel under the reducing conditions of Laemmli (1970) and stained with silver nitrate. After SDS-PAGE, the separated viral proteins were electroblotted onto a nitrocellulose membrane following the procedure of Towbin et al. (1979) and immunostained with 3 different antisera against VHSV (A/S DK-F59 , A/S Obama25 and A/S KRRV9601), and then visualized with an alkaline phosphatase conjugate substrate kit (Bio-Rad) according to the manufacturer's instructions. A/S Obama25 and A/S KRRV9601 were prepared in our laboratory. Purification of each virus isolate was performed from the supernatant of infected FHM cells following the procedures described by Nishizawa et al. (1991) . The purified virus was emulsified with Freund's incomplete adjuvant (Nacalai Tesque) and injected intramuscularly into a rabbit. After 2 booster intravenous injections with the purified virus, each antiserum was obtained.
For nucleotide sequence analysis, RNA was extracted from virus culture fluid using an RNA extraction kit (ISOGEN-LS, Nippon Gene) according to the manufacturer's instructions, and was submitted to RT-PCR amplification with 2 different PCR primer sets. The first primer set, VM1sense (5'-CACATGRC-TGATATTGA-GATGAG-3') and VM1anti (5'-CTTGTCCAMSTCCG-CCTTG-3'), was used for amplification of a 663 base region of the VHSV P gene (nt-3-659) (Takano et al. 2000) . Another primer set, VGsense (5'-CCAGCTC-AACTCAGGTGTCC-3') and VGanti (5'-GTCACYGT-GCATGCCATTGT-3'), targeting a 587 base region of the VHSV G gene (nt 175-761), was designed based on nucleotide sequences of VHSV 07-71 and Makah strains (accession numbers U02624 and U02630). In the RT-PCR reaction, annealing temperatures of each primer set for G and P genes were 52 and 60°C, respectively. After purification by 1.5% agarose gel electrophoresis, the PCR products were submitted for determination of the nucleotide sequence with an ABI PRISM ® cycle sequencing kit (ABI) according to the manufacture's instructions. Nucleotide sequences were assembled and analyzed with DNASIS (Hitachi Software Engineering), and multiple alignments of the determined sequences were constructed by the Clustal W program (Thompson et al. 1994) to search for an optimal tree with neighbor joining criteria. The final phylogenetic tree was drawn with the DendroMaker program (Imanishi 2001) .
Results and discussion. Comparisons of viral structural proteins among 8 isolates of VHSV were made by SDS-PAGE and western blot analyses with A/Ss DK-F59, Obama25 and KRRV9601 (Fig. 2) . Four viral structural proteins, G, N, P and M, were strongly stained with all antisera and their electrophoresis patterns were quite similar to each other. However, differences in the relative mobility of the G protein and the inten- sity of the antibody reaction on the P and M proteins were observed between KRRV9601 (Fig. 2, lane 8) and the other 7 isolates. In particular, the KRRV9601 G protein was slightly bigger than the rest of the isolates. After immunostaining with A/S DK-F59, the reaction intensity of the P protein of KRRV9601 was slightly weaker than those of the other 7 isolates (Fig. 2B) , while the reaction intensity of the M protein of KRRV9601 against A/S Obama25 was slightly weaker than those of the others (Fig. 2D) . On the other hand, the reaction intensity of the KRRV9601 P protein was stronger than the others using A/S KRRV9601 (Fig. 2C) . These results indicate that the structural proteins of KRRV9601 are distinguishable from those of the other Japanese VHSV isolates. However, it was not possible to distinguish KRRV9601 from the other isolates using a neutralization test (data not shown). Also, no difference in the structural protein pattern was observed among Japanese isolates from wild and farmed Japanese flounders except in the case of the KRRV9601 isolate. From all 8 Japanese isolates, PCR products with approximately 590 and 660 bp were obtained by RT-PCR with the primer sets for G and P genes, respectively, (data not shown). Sequence data of the G and P genes of Obama25 and KRRV9601 have been registered with the DNA data bank of Japan (accession numbers: AB060725-AB060728). The determined nucleotide sequences of the partial G gene (nt 361-720) and P gene (nt 21-642) of the 8 Japanese VHSV isolates were compared with those of Makah (accession numbers: U28747 and U02630) and 07-71 (accession number: AJ233396), which are the American and European VHSV type strains, respectively (Table 1 ). The nucleotide sequences of both the G and P genes of the 7 Japanese isolates (Obama25, JF00Oit1, Fukuya00, KRRV9822, JF00Ehi1, Hakata00 and KRRV0012) and the Makah isolate were more than 98% homogeneous, but the sequences of the G and P genes in these 7 isolates were less than 86% homogeneous with the KRRV9601 and 07-71 isolates. On the other hand, the G and P genes of KRRV9601 shared more than 97% similarity with that of 07-71.
A phylogenetic tree based on the nucleotide sequences of the partial G gene (nt 361-720) of 51 VHSV isolates is shown in Fig. 3 . The nucleotide sequence data 1988 1991 1989 1993 1991 1993 1994 1993 1991 1990 1993 1993 1993 1988 1993 1990 1995 1994 1993 1993 1987 1972 1970 1975 1975 1983 1979 1996 1984 1984 1991 1965 1971 1988 1971 1991 1984 1992 1992 1988 AB060725  Z93421  Z93425  Z93423  U88051  U88050  U88055  Z93422  Z93427  Z93426  U88052  Z93428  U88053  Z93430  U28747  Z93429  Z93424  U88056  Z93405  Z93407  Z93406  Z93413  Z93412  U28798  U28799  Z93415  AF143863  Z93411  Z93414  AB060727  AF143862  Z93404  U28800  Z93417  Z93408  X73873  U88054  AJ233396  Z93431  Z93419  Z93420  Z93418  Z93416  Z93409 and HIRRV (accession number: U24073) were used as the outgroup to determine the root of the present VHSV isolates. The present phylogenetic tree revealed that VHSV isolates diverged into 3 major clusters as described previously (Benmansour et al. 1997 . As defined by Stone et al. (1997) , Genogroup I includes American isolates; Genogroup II includes Scotland isolates; and Genogroup III includes traditional European isolates. Seven of the Japanese isolates including Obama25 formed 1 minor cluster in Genogroup I while KRRV9601 is located in Genogroup III, which is closely related to the isolates Cod '79 and 96-43 which were isolated from Atlantic cod and Atlantic herring, respectively (Fig. 3) . A similar result was observed in a phylogenetic tree constructed based on the nucleotide sequence of the P gene (data not shown).
The obtained results revealed that at least 2 different genotypes of VHSV exist in the western part of Japanese coastal areas; the first type is represented by the Obama25 isolate belonging to Genogroup I and the other type is the KRRV9601 isolate belonging to Genogroup III (Fig. 3) . In subsequent surveys (Takano et al. 2001, Nakajima et al. unpubl. data) , an additional 30 isolates of VHSV were isolated from randomly collected wild and farmed Japanese flounder in different coastal areas of Japan, which were all confirmed to be the American type VHSV belonging to Genogroup I by RT-PCR with the primers designed by EinerJensen et al. (1995) . Thus, the present study has revealed that the VHSV strain of the Obama25 type is widely distributed in coastal areas of western Japan causing VHSV infection in farmed Japanese flounder. Although VHS has been described since the 1930s, VHSV of Genogroup III was first isolated from a freshwater fish in the 1960s and from a marine fish in the late 1970s. Those of Genogroups I and II were not found until the late 1980s because they were avirulent to salmonid fishes (Castric & de Kinkelin 1980 , Kocan et al. 1997 . Stone et al. (1997) suggested that all marine fish species are potential VHSV carriers since VHSV has often been isolated from several Atlantic and Pacific marine fishes. This evidence gives weight to the idea that VHSH may well have a marine origin (Smail 1999 ). Therefore, it is not surprising that VHSV was isolated from marine fish from the Japanese coast even though no VHSV has been detected from salmonid fishes in Japan. VHSV is considered to have diverged into 3 different genogroups a long time ago, before fish farming was extensively practiced (Benmansour et al. 1997) . Benmansour et al. (1997) also reported that no molecular clock could be deduced from their phylogenetic tree based on the nucleotide sequences of the VHSV G gene. The same tendency was also obtained in our results, i.e. a weak relationship was observed between the date and position of viral isolation in each major cluster of the present phylogenetic tree. The Obama25 type of Japanese isolate formed 1 minor cluster in Genogroup I, but no American isolate is in this cluster (Fig. 3) . This indicates that the Obama type may not have been introduced from America but could be a native VHSV in Japanese coastal areas.
On the other hand, the KRRV9601 type of VHSV was isolated only once from farmed Japanese flounder in 1996 and has not been isolated since. KRRV-9822 and KRRV0012 were isolated in 1998 and 2000 in the same coastal area where KRRV9601 was isolated. However, as mentioned above, these 2 isolates are virologically identical to Obama25, which belongs to Genogroup I while KRRV9601 belongs to Genogroup III. Moreover, the present phylogenetic tree reveals that KRRV9601 is closely related to the Cod'79 and 96-43 isolates from Atlantic cod and Atlantic herring, respectively (Fig. 3) . Therefore, KRRV9601 was thought to have been accidentally introduced from a foreign country to Japan, although its transmission path is not clear. 
